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Cripto-1 (CR-1) is a glycosylphosphatidylinositol (GPI)-an- 
chored membrane glycoprotein that has been shown to play an 
important role in embryogenesis and cellular transformation. 
CR-1 is reported to function as a membrane-bound co-receptor 
and as a soluble ligand. Although a number of studies implicate 
the role of CR-1 as a soluble ligand in tumor progression, it is 
unclear how transition from the membrane-bound to the solu- 
ble form is physiologically regulated and whether differences in 
biological activity exist between these forms. Here, we demon- 
strate that CR-1 protein is secreted from tumor cells into the 
conditioned medium after treatment with serum, epidermal 
growth factor, or lysophosphatidic acid, and this soluble form of 
CR-1 exhibits the ability to promote endothelial cell migration 
as a paracrine chemoattractant. On the other hand, membrane- 
bound CR-1 can stimulate endothelial cell sprouting through 
direct cell-cell interaction. Shedding of CR-1 occurs at the GPI- 
anchorage site by the activity of GPI-phospholipase D (GPI- 
PLD), because CR-1 shedding was suppressed by siRNA knock- 
down ofGPI-PLD and enhanced by overexpression of GPI-PLD. 
These findings describe a novel molecular mechanism of CR-1 
shedding, which may contribute to endothelial cell migration 
and possibly tumor angiogenesis. 



The Epidermal Growth Factor-Cripto-l/FRL-l/Cryptic 
(EGF-CFC) 2 family of genes, including mammalian Cripto-1 
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(CR-l/Tdgfl), has been shown to play an important role in ver- 
tebrate development and in tumor progression (1). EGF-CFC 
proteins are indispensable for early embryonic development, 
being involved in the formation of the primitive streak, pattern- 
ing of the anterior/posterior axis, mesoendoderm formation, 
and establishment of left-right asymmetry (2). CR-1 is an 
oncofetal gene, which is expressed during early developmental 
stages and is re-expressed in several types of human carcinomas 
(3). In fact, CR-1 protein is highly expressed in a number of 
human carcinomas, including breast (75-82%), colon (67- 
84%), and gastric cancer (33- 47%), where it is being assessed as 
a tumor-specific target for immunotherapy (3, 4). Mice that 
overexpress a human CR-1 transgene selectively in mammary 
epithelium develop mammary hyperplasia and adenocarcino- 
mas (5-7). Conversely, blockade of CR-1 -mediated signaling 
suppresses tumor growth (4, 8, 9). 

CR-1 functions through at least three different signaling 
pathways: 1) as a co-receptor for the transforming growth fac- 
tor j3-related proteins Nodal and growth and differentiation 
factors 1 and 3 (10-12), 2) as a ligand for glypican-l/c-Src/ 
MAPK/PI3K-Akt signaling (13), and 3) as an inhibitor for 
activin/transforming growth factor-^ signaling (8, 14). Nodal 
requires EGF-CFC proteins as co-receptors to bind the activin 
type I receptors (activin-like kinases 4 and 7) and activin type II 
receptor (ActRII). Embryological defects in CR-l-null mice are 
lethal mainly due to a disruption of Nodal-dependent signaling 
(15). CR-1 can also function independently of Nodal as a ligand 
for glypican-1, which can activate a c-Src/MAPK/PI3K-Akt 
intracellular signaling pathway (3) and then promote cell pro- 
I i ' i i i mi ation, and invasion (5). Some of the 
oncogenic actions of CR-1, such as tumor angiogenesis, utilize 
this latter pathway (16). 

EGF-CFC proteins contain several domains that include 
an N-terminal signal peptide, a variant EGF-like domain, a 
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cysteine-rich CFC domain, and a glycosylphosphatidylinosi- 
to! (GPI)-linkage signal at the C-terminus. CR-1 is tethered 
to the outer leaflet of the plasma membrane via a GPI anchor 
(17), Although the GPI anchoring enables CR-1 to act as a 
membrane-bound co-receptor, CR-1 can also be released as 
a soluble protein (IS, 19). However, the endogenous regula- 
tory mechanism controlling CR-1 shedding is largely 
unknown. 

We have previously found that CR-1 is a potent endothelial 
chemoattractant in vitro and promotes tumor angiogenesis in 
vivo (16). To facilitate endothelial cell migration in vivo, CR-1 
should be released from tumor cells to interact with surround- 
ing endothelial cells. In this respect, a recent study has demon- 
strated that the plasma levels of CR-1 in breast and colon cancer 
patients were significantly higher than those of healthy controls 
(20), suggesting that CR-1 is released into plasma from tumor 
cells and that plasma CR-1 levels might serve as a surrogate 
tumor marker. Therefore, shedding of CR-1 is a key biological 
process in understanding the characteristics of CR-1 as a diag- 
nostic and therapeutic target in cancer and in delineating the 
mechanism by which CR-1 can initiate angiogenesis. In the cur- 
rent study, we have evaluated the differential roles of mem- 
brane-bound and soluble forms of CR-1 in stimulating endo- 
thelial cells and delineated the mechanism of CR-1 shedding in 
vitro. 

EXPERIMENTAL PROCEDURES 

Ce//s— HEK293T (293T), MDCK, COS7, and SW480 cells 
(ATCC, Manassas, VA) were maintained in Dulbecco's modi- 
fied Eagle's medium supplemented with 10% fetal bovine serum 
(FBS). NTERA2/D1 cells (ATCC) were grown in Macoy's 5A 
medium with 15% FBS. Human umbilical vein endothelial cells 
(HUVECs) were cultured as described previously (16, 21). 
Human embryonic cells Per-C6 (Crucell, Leiden, The Nether- 
lands) transfected with wild- type CR-1 were grown in Dulbec- 
co's modified Eagle's medium containing 10 m,M MgCl 2 , 0.5 
mg/ml G418, and 10% FBS. 

Reagents— Human CR-1 monoclonal antibodies (mAbs) 
(MAB2771 and FAB2772P) were obtained from R&D Systems 
(Minneapolis, MN) or developed as previously reported (B3F6) 
(8). Rabbit polyclonal anti-CR-1 antibody was previously 
described (20). Antibodies against total p42/44 MAPK, phos- 
pho-p42/44 MAPK, total Akt, phospho-Akt, and phospho- 
Smad2 were obtained from Cell Signaling (Danvers, MA), total 
Smad2 from Upstate (Chicago, IL), /3-actin from Sigma-Al- 
drich, and transferrin receptor (TfR) and V5 from Invitrogen. 
Phosphatidylinositol-phospholipase C (PI-PLC) and horserad- 
ish peroxidase (HRP)-conjugated Cholera toxin B (CTxB) were 
purchased from Sigma-Aldrich. All fluorescent dyes were pur- 
chased from Imilrogcn, and all chemical compounds were 
from Calbiochem (Darmstadt, Germain-) or, for recombinant 
proteins, from R&D Systems. Lysophosphatidic acid (LP A) was 
purchased from Avanti Polar Lipids (Alabaster, AL). All other 
reagents were purchased from Sigma-Aldrich unless otherwise 
indicated. 

P'msm is and Transfection — The cDNA encoding the open 
reading frame of human CR-1 was cloned from NTERA2/D1 
cells (13). All CR-1 related constructs were generated by PCR- 



based methods and cloned into the pCI nco vector (Promega, 
Madison, WI). The stop codon (TGA) was ins i ' ifl i 
Ser-161 or Ser-169 of the full-length CR-1 (amino acids 1-188, 
CR1WT) to obtain CR1AC (Ser-161) or (Ser-169), respectively. 
The transmembrane portion of I.'rblU (amino acids 631-683) 
with a FLAG tag was inserted after Ser-169 of CR1WT to 
obtain CR1TM. The cDNA encoding mouse GPI-phospho- 
lipase D (GP1-PLD) was purchased from ATCC (IMAGE clone, 
5052822). The open reading trame with Ko/ak sequence was 
amplified by PGR using primers: F, ACCA1 GTCTGCAG- 
GCAGGCTGTGG; R, GTC1 GAGCTGAAGCTGTAGAC. 
The PCR product was cloned into pEF6/V5-His TOPO TA 
expression vector (Invitrogen) in-frame to generate a C-termi- 
nal-tagged mGPlPLD-V5 expression vector. DNA sequences 
were validated by direct sequencing. Transfections were per- 
formed using Lipofectamine 2000 (Invitrogen). To establish 
stable transfectants, transfected cells were selected by G418, at 
a concentration of 1 mg/ml for 293T and MDCK cells and 2 
mg/ml for SW480 cells, respectively. 

Isolation of Detergent-resistant Microdomains—DRM iso- 
lation by nonionic detergent Triton X-100 was performed as 9 
previously reported (22). NTERA2/D1 cells were washed §- 
with cold phosphate-buf fered saline and scraped into 2 ml of a 
MBS (MES-buffered saline; 25 mM MES, pH 6.5, 0.15 m | 
NaCl) containing 1% Triton X-100 and solubilized for 20 | 
min at 4 °C. After homogenization by 10 strokes with a tight- g 
fitting Dounce homogenizer, samples were adjusted to 40% i 
sucrose by addition of 2 ml of 80% sucrose. Then, a 5-40% 8" 
discontinuous sucrose gradient was formed and centrifuged J 
at 40,000 rpm for 20 h, in an S W40Ti rotor (Beckmann-Coulter, g 
Fullerton, CA). Twelve 1-ml fractions were removed from the c 
top of the tubes and analyzed by Western blotting for CR-1 
and for the non-raft-associated membrane protein, TfR § 
using an anti-human TfR antibody (1:2,000) and by dot blot- 
ting for the lipid raft marker GM-1 using HRP-conjugated ^ 
CTxB (1:1,000). 

Phase Separation — Phase separation by Triton X-114 was 2 
performed as previously described (23). Cells were lysed in lysis 
buffer (150 mM NaCl, 50 mM Tris-HCl, pH 8.0, 1% Nonidet 
P-40, 0.5% deoxycholic acid) with Complete protease inhibitor 
(Roche Applied Science), and PI-PLC treatment was performed 
by incubating with 1 unit/ml PI-PLC (Sigma-Aldrich) for 30 
min at 37 °C. Cell lysates and conditioned media were then 
adjusted to 2% Triton X-114 using 2X Triton X-114 solution 
(40 m.M Tris-HCl, pH 8.0, 300 mM NaCl, 4% Triton X-114). 
After incubation for 1 h on ice, phase separation was carried out 
by warming up to 37 °C and subsequent centrifugation at 
10,000 X g, 25 *C. Before applying for Western blotting, pro- 
teins were precipitated with chloroform-methanol precipita- 
tion to remove the detergent. 

Western Blot Analysis— Western blot analysis was performed 
using 4-20% gradient SDS-PAGE gels (Invitrogen), and CR-1 
protein was detected with B3F6 mAb at a 1:5,000 dilution and 
anti-mouse IgG HRP-conjugated secondary antibody (1:3,000, 
Amersham Biosciences) (supplemental Fig. SI, A-Q. For 
quantification, 50 /xg of total cell lysates and 40 /d of condi- 
tioned media were analyzed for NTERA2/D1 cells, and 20 ug of 
total cell lysates and 20 /ul of conditioned media were analyzed 
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for 293T transfectants, respectively. All images of Western blot 

naJf) inthisw rl tver< ' - i dized, processed, and quantified 
with an Image Analyzer equipped with Lab Works software 
(Ultra Violet and Laboratory Products, Upland, CA). 

l-jizyme-iinked Immunosorbent Assays — A sandwich- 
based enzyme-linked immunosorbent assay was performed 
as previously described (20) with minor modifications, Anti- 
CR-1 mAb B3F6 (1 u.g/well) was absorbed to a 96- well Nunc- 
Lmmuno Maxisorp Plate (Nunc, Roskilde, Denmark). The 
plates were blocked with blocking solution (Kirkegaatcl & 
Perry Laboratories, Gaithersburg, MD), washed with wash 
buffer (Kirkegaard & Perry Laboratories), and incubated 
overnight at 4 °C with 50 u.1 of conditioned media from 
growth factor- treated cells. Human CR-1 recombinant pro- 
tein (R&D Systems) was used as a standard (supplemental 
Fig. SI, D and £). After washing, a rabbit polyclonal anti- 
CR-1 antibody (1:3,000) was added to the plates for 1 h at 
room temperature. The plates were then washed five times 
with washing buffer and incubated with anti-rabbit IgG 
HRP-conjugated antibody (1:3,000, Amersham Biosciences) for 
1 h at room temperature. The plates were developed with 
3,3',5,5'-tetramethylbenzidine peroxidasesubstrate (Kirkeg- 
aard & Perry Laboratories), and reactions were quenched with 
stop solution (Kirkegaard & Perry Laboratories). Absorbance 
was read at 450 nm. 

Fluorescence Imaging— Cells were grown for overnight in 
chambered slides. After washing with phosphate-buffered 
saline, cells were fixed in 4% paraformaldehyde. Depending 
on the experiment, cells were permeabilized with 0.2% Tri- 
ton X-100. After blocking, CR-1 was labeled with 5 u.g/ml 
MAB2771 and detected with Alexa Fluor 488-conjugated 
secondary antibody (Invitrogen). Plasma membrane and 
lipid rafts were detected with 5 ju,g/ml wheat germ aggluti- 
nin-Alexa Fluor 594 conjugate and with 1 /xg/ml CTxB- Al- 
exa Fluor 594 conjugate (Invitrogen), respectively. Prolong 
Gold Antifade reagent with DAPI (Invitrogen) was used as a 
mounting medium. For confocal images, a Zeiss LSM 510 NLO 
Meta confocal system (Carl Zeiss, Gottingen, Germany) with an 
Axiovert 200M inverted microscope equipped with a 63 X 
numerical aperture 1.4 Plan-Apochromat oil immersion objec- 
tive lens was used. Z stacks were collected with Zeiss AIM soft- 
ware using a multitrack configuration. 

FACS Analysis— 2931 transfectants were collected with 
phosphate-buffered saline containing 4 raw EDTA. After wash- 
ing with ice-cold FACS buffer (phosphate-buffered saline with 
0. 1% bovine serum albumin), 1 .0 X 10 5 cells were incubated for 
20 min with anti-human CR-1 phycoerythrin-conjugated anti- 
body (FAB2772P) at a dilution of 1:50. Cells were then pelleted, 
resuspended in 500 u.1 of ice-cold FACS buffer, and analyzed 
using a FACScan instrument (BD Biosciences). 

Migration Assay— Transwell migration assay of HUVECs 
was performed as previously described (21) with some mod- 
ifications. Briefly, 24 h prior to the assay, the culture medium 
of 293T or SW480 transfectants, which were seeded in the 
bottom chamber, were replaced with serum-free medium 
with or without growth factors or chemicals. 5 X 10 4 serum- 
starved HUVECs were seeded in the upper chamber of 8-u.m 
pore filter 24-well Transwell plates (Corning, Acton, MA). 



After 12-16 h, cells were fixed and stained, and cells on the 
upper side of the filters were wiped away with cotton swabs. 
Migrated cells on the bottom side of the filter were quantified 
using IMAGE (National Institutes of Health) software. Each 
experiment was performed in triplicates and repeated at least 
twice in independent culture conditions. 

Direct Co-culture Assay— HUVECs were labeled with C >11 
Tracker green 5-chloromethyIfluorescein diacetate (Invit ro- 
gen) prior to the assay. 5 X 10 4 labeled HUVECs were seeded 
on confluent cultures of 293T transfectants that had been 
grown in 6-well plates in serum-free medium. After 12-16 h, 
cells were fixed and counter staining was performed with 
rhodamine-conjugated phalloidin (Invitrogen) and DAPI. 
Images were taken by fluorescence microscopy, on an 1X51 
inverted microscope equipped with a 20 X 0.4-nemerical aper- 
ture objective lens (Olympus, Tokyo, Japan). For quantification, 
HUVECs with sprouting morphology (spindle shapes and/or 
processes) were counted in total 70-135 CellTracker-positive 
HUVECs/field under low power magnification. Counting was 
performed for three different fields in a blinded manner, and 
three independent experiments were performed. 9 

siRNA and RT-PCR Analysis-siRNks, against GPI-PLD | 
were purchased from Ambion (Foster City, CA). Sequences are a 
as below follows: siGPIPLDl sense, GGAUUCCUUAGGAC- | 
CAUGGtt; antisense, CCAUG GUCCUAAG G AAUCCtt; si- | 
GPIPLD2 sense, GCUAUUGAUUUUCACGGCUtt; antisense, | 
AGCCGUGAAAAUCAAUAGCTC; siGPIPLD3 sense, GCU- I 
CUGGAGUUUCUUCAGCtt; and antisense, GCUGAA- f 
GAAACUCCAGAGCtc. These sequences contain 1- to 4-nu- J 
cleotide mismatches with mouse GPI-PLD, which was used for g 
the rescue experiment. Mixture of nonspecific Control siRNAs c 
#1, #2, and #3 (Dharmacon, Chicago, IL) were used for a nega- a 
tive control. Subconfluent 293T or SW480 cells were trans- § 
fected with a total of 30 u.m siRNAs using Lipofectamine 2000. 
Because the knockdown efficiencies of each siRNA were not ^ 
sufficient (<50% inhibition), we used a mixture of three siRNAs - 05 
and achieved a maximum inhibition of >70%. RT-PCR was 2 
performed using Supermix (Invitrogen) according to manufac- 
turer's instructions at the indicated cycles. A PCR primer set for 
human GPI-PLD was purchased from Superarray (Frederick, 
MD). 

Mass Spectrometry Analysis of Released CR-1— The cul- 
tured media from CR-l-lransfected Per-C6 cells was har- 
vested and clarified, and the released CR-1 protein was affinity- 
purified by binding to the B3F6 mAb coupled to CNBr-activated 
Sepharose. 

Deglycosylation, Reduction, and Alkylation of Shed C/?- 2 -TV- 
Linked glycans were removed from the protein with peptide 
A'-glycosidase F. About 1.5 /xl of peptide A r -glycosidase F (2.5 
milliunits/u.1, Prozyme, San Leandro, CA) was added to 40 u.1 of 
a solution containing — 10 u.g of protein. The solution was incu- 
bated at 37 °C overnight. The deglycosylated protein was then 
reduced with 40 m.w dithiothreitol in 6 M guanidine hydrochlo- 
ride for 2 h at 37 °C, and alkylation was done by adding 0.5 /.x) of 
4-vinyIpyridine into 50 /xl of the solution. The solution was 
incubated at room temperature in the dark for 60 min. The 
alkylated proteins were recovered b\ pr< > i] tat >n\ th40\ 
umes of -20 °C ethanol. The solution was stored at -20 I. for 
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1 h and then centrifuged at 14,000 x g for 8 min at 4 °C. The 
supernatant was discarded, and the precipitate was washed 
once with —20 °C ethanol. 

Trypsin Digestion — About 10 /u,g deglycosylated and alky- 
lated i tu*i ii u ^ 'I t sit .I "i i h ~ i , ■ i <>' tripsin (Promega) 
in 1 m urea, 0.2 m Tris-HCl, pH 8.0, 1 mm CaCl 2 , for 5 h at room 
temperature; the final volume was 50 ptl. 

Separation and Analysis of the Digested Shed CR-1 Protein — 
The tryptic digest was analyzed on an liquid chromatography- 
MS/MS system composed of a nano-flow high-performance 
liquid chromatograph (Dionex, Sunnyvale, CA) and a QSTAR 
XL mass spectrometer (Applied Biosystemsj. The high-perfor- 
mance liquid chromatograph was equipped with a 0.3-mm X 
1-mm Pepmap C18-trap column for desalting and a 0,075-mm X 
150-mm, 100- A, Pepmap C18 column for separation. Peptides 
were eluted with a 70-min linear gradient (0-50% acetonitrile) 
in 0.03% trifluoroacetic acid at a flow rate of 200 nl/min. MS and 
MS/MS spectra were acquired using information-dependent 
acquisition and switched automatically between MS and 
MS/MS. The nanoelectrospray was generated with a nanoelec- 
trospray ionization source (Protana, Toronto, Canada) using a 
PicoTip needle (15-u.m inner diameter, New Objectives, 
Woburn, MA) maintained at a voltage of 1700 V. MS/MS spec- 
tra were collected in the m/z range of 50-2,200, and the 
collision energy setting was automatically determined by the 
information-dependent acquisition based on the mlz values 
of each precursor ion. 

Statistical Analysis— Student's t test was used to determine 
the statistical significance of the quantitative results. Results 
with ajt> value of<0.05 were considered statistic i 1 nifi u 

RESULTS 

CR-1 Localization in Lipid Rafts— The GPI-anchorage of 
CR-1 to the cell membrane lias been previously reported by the 
ability of bacterial PI-PLC to release CR-1 from cultured cells 
(17). We further demonstrated that CR-1 exhibits pericellular 
characteristics of a GPI-anchored protein in that CR-1 can be 
localized to lipid raft domains on the plasma membrane by 
immunocytochemical analysis in human embryonal carcinoma 
NTERA2/D1 cells, from which CR-1 was isolated and cloned 
and is expressed at a relatively high level (1). CR-1 exhibited a 
punctate staining pattern, a proportion of which was co-local- 
ized with the lipid raft marker GM-1, which has been labeled 
with CTxB (Fig. L4). To confirm the results from imaging anal- 
ysis, biochemical isolation of DRMs was performed in 
NTERA2/D1 cells. Detergent resistance has been considered 
as a biochemical characteristic of lipid rafts (24). CR-1 pro- 
tein was found to be enriched in DRM s which c ontain GM-1 
but do not contain a non-raft membrane protein TfR (25), 
It nugh a more substantial amount of immunoreactive 
CR-1 was found to be associated in the soluble fractions 
{fractions 9-12, Fig. IS). 

Because apical sortingis one of the well known characteristics of 
G PI -anchored proteins, we examined the CR-1 localization in a 
w ell established model of cell polarity, MDCK cells (26). In fully 
polarized MDCK cells stably transfected with CR-1, CR-1 was 
stained mail y on ' . apical surface (supplemental Fig. S2A). A 
;ub inti J am 1 I i . I pi i ein was detected in the condi- 
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FIGURE 1 . Lipid raft localization and release of CR-1 protein. A NTERA2/D1 
cells were stained withanti-CR-1 mAb (green), and lipid raft marker GM-1 was 
labeled with CTxB (red) without permeabilization and analyzed by confocal 
microscopy [upper panel). Magnified images for the marked regions in the 
upper panel are shown in the lower left panel. Negative controls without pri- 
mary antibody are shown in the lower right panel. Nuclei were stained with 
DAPI (blue) in all merged images. Scale bar = 10 pm. B, biochemical isolation 
of DRMs with 1% Triton X-100 by sucrose-gradient centrifugation of 
NTERA2/D1 cells. The gradient fractions (lanes 4-12) were analyzed with 
Western blot analysis for CR-1 . Transferrin receptor (TfR) was used as a control 
for non-raft membrane protein. The lipid raft marker GM-1 in the same sam- 
ples was detected with HRP-conjugatedCTxBby dot-blot analysis. C, compar- 
ative study of cell-associated (CI) and released (CM) CR-1 with or without 
serum by semi-quantitative Western blot analysis (see Table 1 and supple- 
mental Fig. SI , A-Q. A representative blot for NTERA2/D1 cells is shown. The 
indicated amount of recombinant human CR-1 protein was used as a 
standard. 

TABLE 1 

Semi-quantitative analysis of cell-associated and released CR-1 



ng/l [j.g total protein 



NTERA2/D1 (10 



- 0.16 



1-fold -13 



2931 CRIVH cuk 11 I i I i itl, indicated con- 

ditions. The amounts of released and t> 1 ' 11. >i I , ml qumlllltd by 
Western blot an . 'id .upplemental Fig. SI, A-Q and umtparal 

to standard amounts of recombinant CR-1 after denstometric scanning. Values 
rcpreser.; a c i . . '• i iikk'iv ] .■M'';-r:!tk:n!„. 

tioned medium obtained from the apical side but not from the 
basal side in CR-l-expressing MDCK cells (supplemental Fig. 
S2B). These results suggest that CR-1 is sorted to the apical side of 
the plasma membrane in polarized epithelial cells. 

Regulation of CR-1 Shedding by Serum and Growth Factors— 
To evaluate the extent of CR-1 secretion into the medium, 
we compared the amount of released and cell-associated 
CR-1 by semi-quantitative Western blot analysis using 
recombinant human CR-1 protein as a standard (Table i, 
Fig. 1C, and supplemental Fig. SI, A-Q. As summarized in 
Table 1, when cells were cultured in serum-free medium, 
little CR-1 protein was detected in the conditioned medium 
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of 293T cells stably transfected with wild-type CR-1 (293T 
CR1WT cells) and in the conditioned medium from 
KTERA2/D1 cells that express endogenous CR-1 (-36 
ng/ml and • 4 ng/ml, respectively). However, when these 
tells were cultured in the presence of 10% serum, a higher 
amount of CR- 1 was detected in the conditioned media from 
293T and NTERA2/D1 cells (>500 ng/ml and -130 ng/ml, 
respectively), which represents >14- and ~32-fold increase 
in comparison with release of CR-1 under serum-free condi- 
tions. These concentrations of CR-1 in the medium are com- 
parable with the concentration of exogenous recombinant 
CR-1 protein that is required to induce several different cel- 
lular responses (100-200 ng/ml) (13). 

Because the difference in cell viability after 24-h cultures, 
in the presence or absence of serum, could affect the amount 
of released CR-1 protein in the conditioned medium, we 
evaluated the short term effect of serum on shedding of 
CR-1. Heat-inactivated serum in which a number of heat- 
labile lipases and proteinases had been inactivated could 
induce an increase of >3-fold in shedding of CR-1 in SW480 
colon carcinoma cells transfected with wild-type CR-1 
expression vector (SW480 CR1 cells) within 30 min (Fig. 2A). 
SW480 colon carcinoma cells were selected because this cell 
line expresses low amounts of endogenous CR-1 (1, 3). The 
effect of heat-inactivated serum was also observed in other 
cell types, such as 293T CR1WT and in NTERA2/D1 cells 
that express native CR-1 (data not shown). This effect of 
serum is dependent on phospholipase Cy (PLCy) and pro- 
tein kinase C (PKC), because serum-induced CR-1 shedding 
was inhibited in a dose-dependent manner by the PLCy 
inhibitor U73122 (Fig. 2B) and by the PKC-specific inhibitor 
GF109203X, respectively (Fig. 2C). Phorbol 12-myristate 
13-acetate (PMA), which is known to activate diacylglycerol- 
dependent PKCs, was able to mimic the effect of serum on 
facilitating CR-1 shedding by nearly 3-fold in both 293 
CR1WT cells (data not shown) and SW480 CR1 cells 
(Fig. 2D). 

These findings strongly suggest that serum factor(s) can 
induce CR-1 shedding through activation of PLCy and PKC. 
To identify endogenous regulatory factors that might 
enhance CR-1 shedding from cells and that might be present 
in serum, the levels of released CR-1 were examined after 
stimulation of 293T CR1 WT and SW480 CR1 cells with dif- 
ferent growth factors and cytokines using an enzyme-linked 
immunosorbent assay ( Table 2). We found that nine distinct 
growth factors, including FGi', heparin binding- EGF, hepa 
tocyte growth factor, fibroblast growth factor-2, LPA, inter- 
leukin-6 (IL-6), IL-8, tumor necrosis factor a, and interferon 
y, significantly stimulated CR-1 shedding. Some of the fac- 
tors, including LPA, IL-6, and IL-8 had ccll-type-specific 
effects. For example, LPA strongly induced CR-1 shedding in 
SW480 CR1 cells but had no significant effect on CR-1 shed- 
ding in 293T CR1WT cells. 

Growth Factors Induce Endothelial Cell Migration by 
Enha < icing CR-1 Shedding-— Because EGF and LPA are involved 
i i i rogression and tumor angiogenesis (27, 

2S). and because CR-1 has also been shown to stimulate angio- 
genesis (16), we hypothesized that these factors might induce 
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FIGURE 2. Inducible shedding of CR-1 by serum and PMA. A, rapid indue 
tionofCR-1 shedding by serum in SW480CR1 cells. Cells were stimulated with 
5% FBS for 0-60 min. Released CR-1 in the conditioned medium (CM) and 
cell-associated CR-1 in total cell lysates (Ci.) were evaluated by Western blot 
ill ! lpt t i " hti.t- d~r i c nirli / Liii't ( md t •- - 

U73122 or GF109203X (GFX) on serum-induced CR-1 shedding. SW480 
CR1 celts were treated with or without 5% serum for 30 min with the 
indicated dose of indicated chemicals, and released CR-1 in the condi- 
tioned medium was analyzed by Western blotting. Cells were pretreated 
with chemicals 30 min before the treatment with serum. Me 2 SO (DMSO) 
was used for vehicle commas. U73343 was used for a negative control 
a it il _ LR 1 release by PMA. SW480CR1 cells were stim- 
ulated with 50 nw PMA for 0-120 min. Released (CM) and cell-associated 
CR-1 (CI) was analyzed by Western blotting. 



endothelial cell migration by facilitating the release of CR-1 
from the tumor cell membrane. The effect of LPA and EGF was 
therefore examined on SW480 colon cancer cells. The induc- 
tion of CR-1 shedding by LPA or EGF in transfected SW480 
CR1 cells that had been grown in serum-free medium was eon- 
firmed by Western blot analysis (Fig. 3A). CR-1 shedding 
induced by LPA or EGF was inhibited by the PKC inhibitor 
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TABLE 2 

Effect of growth factors on CR-1 shedding 

29.iT 'I :.c G ,;■ GR 1 ; GG . ; .;imu;suG jor 6 ..s h • , 

InGcauG ;;:c;ur>, GGG HB Fa. FGGG HG:-, iL-6. ana 1 Sfa, 3e :u :r.i. LPA: 5 
fi,'.!; ! : - ."- :•. ... \i .." . 

- s D. of four 

iulti\ > 1 esperiments. 



EGF 55.3 ±8.1" 43.3 ± 6.7" 

HB-EGF 59.4 ±16.0° 44.7 ± 5.7" 

FGF-2 58.0 ± 18.4" 27.6 ± 3.2" 

HGF 52.6 ± 14.6" 25.5 ± 2.2" 

LPA 7,7 ± 3.5 56.8 ± 1 1.6" 

IL-6 39.2 ±11.3" 12.8 ±4.2 

IL-8 12.4 ±4.1 28.6 ±8.0" 

TOFa 60.4 ± 19.0" 39.2 ± 13.2* 

fFN'7 41.0 ±12.3" 30.0 ± 10.O" 

"p < 0.05 compared with control by Student's Mest. 

GF109203X (data not shown), suggesting that these factors uti- 
lize a pathway similar to that induced by serum and by PMA. 

We then evaluated the biological response of CR-1 shed- 
ding induced by EGF and LPA in facilitating HUVEC migra- 
tion. EGF or LPA had weak direct effects on endothelial cell 
migration unlike vascular endothelial growth factor (Fig. 
35). The effect of CR-1 shedding on HUVEC migration was 
then evaluated with an indirect co-culture assay (Fig. 3C) 
using SW480 cells, which express little amount of CR-1 pro- 
tein (Fig. 2A). Pretreatment of SW480 CR1 cells that were 
expressing an exogenous CR-1 expression vector with EGF 
or LPA strongly induced migration of endothelial cells, 
whereas these factors had significantly weaker effects on 
S W480 cells transfected with empty vector (SW480 EV cells) 
(Fig. 3D). These results indicate that EGF or LPA can induce 
endothelial cell migration toward tumor cells by inducing 
the release of CR-1 from tumor cells. We also tested the 
effect of an EGF receptor (EGFR) tyrosine kinase inhibitor, 
PD168393, onEGF-mediatedCR- 1 shedding. PD168393dose- 
dependently inhibited EGF-mediated CR-1 shedding from 
SW480 CR1 cells at concentrations of 0.2-1.0 /am (Fig. 3£), 
which corresponds to the dose of PD168393 necessary to 
inhibit phosphorylation of the EGFR and of signaling mole- 
cules that are downstream of EGFR (29). PD168393 signifi- 
cantly suppressed the induction of endothelial cell migration 
by EGF-treated SW480 CR1 cells at the same range of con- 
centrations (Fig. 3F), suggesting that inhibiting the EGFR 
may have an indirect effect for suppression of tumor angio- 
genesis by the ability to block CR-1 shedding from tumor 
cells. 

Distinct Roles between Soluble and Membrane-bound Forms 

of CR-1 To more fully evaluate the detailed mechanism of 

biological activity of secreted CR-1, three artificial mutants of 
CR-1 in the C-terminal domain were generated: a soluble CR-1, 
winch lacks the GPI signal (CR 1 AC Ser-161 and Ser-169), and a 
transmembrane CR-1 (CR1TM) in which the GPI signal was 
replaced by the TM domain of the EGF receptor-related recep- 
tor l.i 1 > 151, which is not cleavable by phospholipases (Fig. 4A). 
SPS PAGE mobility of each product in the cell lysates was com- 
patible with the estimated size from the difference in amino 
acid sequences (Fig. 45). High amounts of both CR1AC mutant 

■ i 'I I in th i i > medium containing 



1% serum, whereas a lower amount of CR1WT. and none of 
CR1TM, were detected (Fig. 4C). Immunocytochemical analy- 
sis in transiently transfected 293T cells confirmed the cell-sur- 
face localization of CRIWr and CR1TM without permeabili 
zation following co-staining with a membrane marker wheat 
germ agglutinin (Fig. 4, D and F). In contrast, CR1AC Ser- 161 
(Fig. 4£) and Ser-169 (data not shown) mutants were undetect- 
able without permeabilization. Intracellular trans-Golgi net- 
work localization of CR1 WT, CR1AC Scr- 1 61 , and CR1TM was 
detected only after permeabilization with Triton X-100, as 
assessed by co-localization with a Go i marker Dsl 1 
(Fig. 4, G-I). Similar staining patterns with each mutant were 
obtained in transiently transfected COS7 cells (supplemental 
Fig. S3, A-F). In COS7 cells, a weak signal of extracellular 
deposits of CR-1 was detectable around the transfected cells in 
both CR1AC Ser-161 (data not shown) and Ser-169 (supple- 
mental Fig. S35), which was likely due to the higher amount of 
the overexpressed protein than that found in the CR-l-trans- 
fected 293T cells. The cell-surface expression of CR1WT and 
CR1TM but not soluble forms of CR-1 mutants in stably trans- 
fected 293T cells were confirmed by live cell staining with an 
anti-CR-1 phycoerythrin-conjugated antibody followed by 
FACS analysis (Fig. 4/). 

The ability of each mutant to stimulate HUVEC migration 
was then assessed in an indirect co-culture migration assay 
with HUVECs and 293T cells that were stably transfected 
with empty vector or each CR-1 mutant (293T EV, CR1WT, 
CR1AC (Ser-161), (Ser-169), or CR1TM cells) (Fig. 5A). 
Under the serum-free conditions where little of the GPI- 
anchored CR-1 protein is released (Table 1), only 293T 
CR1AC (Ser-161 and Ser-169) cells could stimulate migra- 
tion of HUVECs as compared with 293T EV cells (Fig. 55). 
The serum-free conditioned medium from only the 293T 
CR1AC (Ser-169) cells could induce a 2- to 4-fold increase in 
phosphorylation of p42/44 MAPK and Akt, but not Smad2 
phosphorylation in serum-starved HUVECs (Fig. 5C), sug- 
gesting that the effect of a soluble form of CR-1 is dependent 
on a Nodal-independent, MAPK/PI3K-Akt-dependent path- 
way as previously demonstrated (16). 

To validate the biological activity of the CR-1 mutants in 
direct cell-to-cell interactions, a direct co-culture assay of flu- 
orescence-labeled HUVECs with 293T transfectants was per- 
formed (Fig. 5A). In contrast to the indirect migration assay, 
when HUVECs were directly seeded onto 293T cells expressing 
either CR1WT, CR1TM, or CR1AC (Ser-169), all of the CR-1 
transfectants could equally facilitate endothelial cell sprouting 
(Fig. 5, D and £), suggesting that cell-surface CR-1 is able to 
induce a response through a direct interaction with endothelial 
cells. 

GPI-PLD Regulates CR-1 Shedding—The present results sug- 
gested that the release of CR-1 as a soluble factor maybe impor- 
tant with respect to the ability of CR-1 to induce endothelial cell 
migration, leading us to delineate the mechanism(s) by which 
CR-1 shedding from the cell membrane might occur. W e per- 
formed Triton X-114 phase partitioning to clarify whether 
released CR-1 is free from lipid anchoring (Fig. 6,4). Cell-asso- 
ciated CR-1 was c i 

aqueous phase. However, Pl-PLC treatment released a majority 
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by Western blot analysis. SW480 CR1 cells were stimulated with the indicated factors for 6 h. B, direct effect of LPA and EGF on migration of HUVECs. 
Transwell migration assay of HUVECs was performed for the indicated factors at the indicated concentrations. Vascular endothelial growth factor (50 
ng/ml) was used as a positive control. *, p < 0.05; **, p < 0.01 compared with Control. C, scheme of indirect co-culture migration assay. D, indirect effect 
of LPA and EGF on migration of HUVECs that are co-cultured with SW480 EV or CR1 cells. SW480 EV or CRT cells were seeded on the bottom chamber and 
pretreated with indicated factors (5 jiim for LPA and 50 ng/ml for EGF). After 24 h, Transwell migration assay of HUVECs was performed. N.S., p > 0.05. 
E, effect of PD1 68393 on CR-1 shedding. SW480 CR1 cells were pretreated with the indicated concentrations of PD1 68393 for 30 min and stimulated with 
EGF {50 ng/ml) for 6 h. Conditioned medium was analyzed by Western blotting. F, effect of PD1 68393 on CR-1 shedding-mediated endothelial cell 
migration. The co-culture migration assay of HUVECs with SW480 CR1 ceils was performed with the indicated concentration of PD168393 in the same 
condition with D. SW480CR1 cells were pretreated PD1 68393 30 min prior to stimulation with EGF. N.S., p > 0.05. All graphs represent mean ± S.D. of 
triplicate experiments. 



of the CR-1 protein into the aqueous phase. The electro- 
phoretic mobility of the GPl-digested form was slightly slower 
than the undigested form. Most of the released CR-1 in the 
conditioned medium was partitioned into the aqueous phase 
and had an ekctrophoretic mobility similar to PI- PLC- treated 
CR-1, suggesting that the released form of CR-1 shedding is free 
from lipid anchoring. Shedding of CR- 1 may not be mediated by 
proteolytic digestion because increasing concentrations of 
serum stimulated release of CR1WT but failed to stimulate the 
release ofC R1TM, which tethers CR-1 to the cell membrane via 
a. transmembrane domain (Fig. 6B). These results may suggest 



that CR-1 shedding is mediated by the digestion of the GP1 
linkage. 

GPI-PLD is involved in facilitating the shedding of a num- 
ber of GPI-anchored proteins in mammalian cells (30). 
Serum-induced CR-1 shedding was nearly completely inhib- 
ited by the GPI-PLD inhibitor 1, 10-phenanthroime (PNT) 
(31) (Fig. 6C), In contrast, CR-1 shedding in the absence of 
serum was induced by 2- to 3-fold by suramin (SRM), which 
is reported to enhance the action of the membrane-bound 
GPI-phospholipases (23). RT-PCR analysis revealed thai 
GPI-PLD mRNA is expressed in 293T, SW480, and 
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NTERA2/D1 cells (Fig. 6D). To more fully determine GPI-PLD-specific siRNAs (si-hGPIPLD) were undertal 
whether GPI-PLD is involved in directly regulating CR-1 si-hGPIPLD suppressed GPI-PLD mRNA expression -70% 
shedding selective knockdown experiments using human in 293T CR1WT cells (Fig, 6E), and constitutive CR- 1 shed- 
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FIGURE 5. Activity of soluble or membrane-bound forms of CR-1 mutants on endothelial cells. A, indirect co culture migration assay and direct co culture 
assay (see "Experimental Procedures"), 8, indirect co-culture migration assay using 293T cells, which had been stably transfected with the indicated expression 
vectors. Migration of HUVECs was evaluated. The values represent mean ± S.D. of a typical experiment performed in triplicate. \p < 0.05 compared with EV. 
C, phosphorylation status of p42/44 MAPK, Akt, and Smad2 in HUVECs. HUVECs were treated with serum-free conditioned medium from 293T transfectantsfor 
1 5 min. Phospho-Ztotal protein ratio wasquantified by densitometricanalysis (bottom of each panel). D and E, direct co-culture assay using 293Tcells, which had 
been stably transfected with indicated expression vectors. HUVECs were seeded on confluent monolayers of 293T transfectants. 5-chloromethylfluorescein 
diacetate labeled HUVECs (green) were visualized with a fluorescence microscope (upper panels). Counter staining was performed with F-actin {red) and DAPI 
{blue) (lower panels for three-color merged images). HUVECs with sprouting morphology (arrowhead) were quantified as described under "Experimental 
Procedures" (£). Scale bar = 50 /am. *, p < 0.05 compared with EV. The values represent mean ± S.D. of three independent experiments. 



ding in the presence of serum was inhibited >50% after the 
attenuation of GPI-PLD expression (Fig. 6F), suggesting that 
CR-1 shedding is mediated by the enzymatic activity of 
GPI-PLD. 

We then evaluated the effect of GPI-PLD overexpression 
on CR-1 shedding. Transient transfection of C- terminal 
V5-tagged mouse GPI-PLD cDNA (mGPIPLD-V5) strongly 
induced shedding of CR1WT into the conditioned medium 
from 293T cells that had been grown in serum-free medium but 
had little effect on CR1TM (Fig. 6G). A substantial amount of 
mGPiPLD-V5 protein was detected in conditioned medium 



(Fig. 6G), which is consistent with the previous description that 
GPI-PLD is a secreted enzyme (32, 33). Similar results were 
obtained with a wild-type (non-tagged) mouse GPI-PLD con- 
struct (data not shown). FACS analysis revealed a decrease of 
the cell-surface CR1WT but not of CR1TM by GPI-PLD over- 
expression (Fig. 6H), indicating that GPI-anchored CR-1 had 
been cleaved from the cell surface by overexpressed GPI-PLD. 
Overexpression of mouse GPI-PLD was also able to induce 
CR-1 shedding in stably transfected 293T CR1WT cells (Fig. 61) 
and to rescue the attenuation of CR-1 shedding by siRN'As 
against human GPI-PLD (Fig. 67). 



■ 1 4 Generation of CR-1 mutants in the C-terminal domain. A, scheme of CR-1 mutants. 8 and C, validation of expression of each CR-1 mutant 
in cell lysates and conditioned medium. 293T cells were transiently transfected with indicated expression vectors in the pi I turn Total cell 

lysates (8) and conditioned media (C) were collected 24 h after transfection and were analyzed by Western blot analysis 0~Actinand Ponceau S * n hi i 
l i * .i i i i i, t i the same blot detected by regular ECL or more sensiti, e t i I n i i , >• , i- \ • > 

control. C ' i>Kt_IU.' nation of CR-1 mutants. Immunocytochemistry of indicated CR-1 mutants (green) in transie i I ji b ' '■ > j 
performed without permeabilization (0,-f,) or with permeabilization by Triton X-100 [6, -I,). Plasma membranes wee sMhcU « 'I- ei A m 
agglutinin in D 2 -F 1 (red) and DsRed-Golgi was co-transfected with CR-1 construct in G 2 -< 2 . Nuclei were counterstained with DAPI (bl ndtl 
i shownin0 3 -/ 3 .lmage5werevisualizedwithconfocalmicroscopy.^rroivteoc!,co-!ocalizationofCR-1 withGolg rtarker.S i 

i af each CR-1 mutant. 293T cells stably trans s 

with anti-CR-1 PE-conjugated antibody and analyzed with FACS. EV was used as a negative control. 
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Direct physiochemical evidence < 
GPI-PLD was obtained by MS anal 
CR-l-transfected Per-C6 cells. The 
CR-1 has a structure, Ser-NH-(CH 2 ) 2 -OP0 2 (OH)]vIanM 
(phosphoethanolamine)GIcN-Hex (Fig. 7 A). The detected mass, 
36 13.6 Da, for this modified peptide matches the predicted 
mass 3613.49. The detected masses for all fragment ions in the 
MS/MS spectrum of this peptide also match the predicted ion 



-elease of CR- 1 by fragments (Fig. IB). The delected GPI structure of shed CR- 1 is 
' secreted CR-1 in consistent with that of a protein, which is released by GPI-PLD 
mponentof but not by PI-PLC, because the phosp ' I h ildbecon 
tained after PI-PLC digestion was not observed. 

We then studied the role of GPI-PLD in growth factor-in- 
duced CR-1 shedding. LPA-, EGF-, and PMA-induced CR-1 
shedding is also mediated by GPI-PLD, because the CR-1 shed- 
ding by these factors in SW480 CR1 cells was completely 
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FIGURE 7. A, structural analysis of released CR-1 was performed using MS. 
S, enlarged MS/MS spectrum of tryptic CR-1 peptide containing residues 
1 40 - 1 6 1 , The sequences of the peptide, fragmentation pattern, and detected 
fragment ions are shown at the top of the panel. Cysteine residues in the 
peptide are pyridethylcysteine, because the protein was reduced with dithi- 
othreitol and alkylated with 4-vinylpyridine. "b" designates ions that contain 
the N-terminal region of the peptide plus one or more amino acid residues 
generated by collision-induced dissociation. Calculated m/z values for some 
critical ions are shown in parentheses. 

blocked by PNT and further enhanced by combination with 
SRM (Fig. 8,4), si-hGPIPLD suppressed GPI-PLD mRNA 
expression -70% also in SW480 CR1 cells (data not shown), 
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FIGURE 8. Effect of GPI-PLD knockdown on EGF-induced CR-1 shedding 
and endothelial cell migration. A effect of PNT and SRM on LPA-, EGF-, or 
PMA-induced CR-1 shedding. SW480 CR1 cells were stimulated under indi- 
cated conditions of indicated factors for 6 h, and conditioned medium was 
analyzed by Western blotting. PNT, 1 mwi; SRM, 20 /um. B, effect of GPI-PLD 
knockdown on EGF-induced CR-1 shedding. SW480 CR1 cells were trans- 
fected with indicated siRNAs. After 24 h, medium was replaced with serum- 
free medium and incubated for 16 h. Cells were then stimulated with 50 
ng/ml EGF for 6 h. Released CR-1 was analyzed by Western blotting. C, effect 
of GPI-PLD knockdown on EGF-induced endothelial cell migration. SW480 
CR1 cells that were treated with siRNAs as described in B were used for indi- 
rect co-culture migration assay with HUVECs with or without 50 ng/ml EGF 
stimulation. N.S., p > 0.05. 

and si-hGPIPLD was able to suppress EGF-induced CR-1 
shedding (2.1-fold increase in si-control and 1.4-fold 
increase in si-hGPIPLD, Fig. 8B). Furthermore, suppression 
of GPI-PLD expression significantly blocked the ability of 



FIGURE 6. Regulation of CR-1 shedding by GPI-PLD. A, Triton X-1 14 phase separation was performed for cell lysates (CI) and conditioned medium {CM) from 293T 
i i' i II i i i I h l i 
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FIGURE 9. Mechanism of CR-1 -mediated tumor angiogenesis. 

SW480 CR1 cells to induce endothelial cell migration upon 
EGF stimulation (Fig. 8C). 

DISCUSSION 

We have previously shown that CR-1 exhibits pro-angio- 
genic activity through a Nodal-independent, c-Src/MAPK/ 
PI3K-Akt-dependent pathway (16). In the present study, we 
have further delineated the mechanism by which CR-1 can 
function as an endothelial migration factor. Soluble forms of 
CR-1 protein were able to induce endothelial migration in con- 
trast to the cell-associated CR-1. On the other hand, mem- 
brane-bound forms (a GPI-anchored or a transmembrane 
form) of CR-1 were able to induce endothelial cell sprouting 
through a direct cell-to-cell interaction. These findings suggest 
that soluble CR-1 can act as a paracrine chemoattractant for 
endothelial cells and that membrane-bound CR-1, which is 
expressed on the surface of tumor cells, can locally stimulate 
endothelial cells to potentially form vessels. 

Previous reports have shown that the shedding of GPI-an- 
chored proteins can be induced by various factors (34), some of 
which were also found to facilitate CR- 1 shedding in colon can- 
cer cells, such as PMA (35) and EGF (36). The present study 
demonstrates that LPA or EGF can stimulate tumor cells that 
are expressing CR-1 to facilitate shedding, which could then 
possibly enhance endothelial cell migration. The concentration 
of CR-1 protein from SW480 cells stimulated with growth fac- 
tors such as EGF or LPA was -40 - 60 ng/ml by enzyme-linked 
immunosorbent assay, and we have previously reported that 
the range plasma CR-1 level in the clinical canter patients was 
0.86 - 19.18 ng/ml. Based on these findings, it is speculated that 
the local concentration of CR-1 protein in clinical tumor tissues 
could be high enough for its biological activity. The present 
findings may also explain one additional indirect mechanism in 
which either LPA or EGF might induce tumor angiogenesis 
(27, 28). The fact that an EGFR inhibitor blocked the effect of 
EGF to facilitate CR-1 shedding and subsequently to attract 
endothelial cells may suggest the possible usage of EGFR 
inhibitors to block tumor angiogenesis enhanced by CR-1 
shedding (Fig. 9). 

This is the first study to define a detailed cellular mechanism 
by w hich CR-1 can be released as a soluble growth factor. 
Native or overexpresscd CR-1 protein was released from cells 
into the conditioned medium by stimuli, such as serum, PMA, 
or several gr< iwth factors i >r c\ tokines. Release of GPI-anchored 



CR-1 was found to be mediated by GP1-PLD, which is the only 
identified mammalian phospholipase that can cleave the GPI 
linkage of GPI-anchored proteins (30). Recent reports have 
shown that the tumor marker carcinoembryonit antigen, 
which is also a GPI-anchored protein, is released from cells by 
the enzymatic activity of GPI-PLD in a regulatory mechanism 
that is similar to the release of CR-1 (37, 38). In addition, CR-1 
was found to be present in the plasma of breast and colon can- 
cer patients, suggesting the possible use of plasma CR-1 levels 
as a tumor marker (20). Therefore, the regulation of CR-1 shed- 
cling might also be important for diagnosis of cancer. 

CR-1 shedding by GPI-PLD is inducible by certain stimuli 
such as serum, EGF, or LPA. A PLCy-PKC intracellular signal- 
ing pathway is know n to be a common signaling pathway that is 
activated by these factors (39, 40). In fact, the PLCy inhibitor or 
the PKC inhibitor blocked CR-1 shedding induced by these 
factors. These data suggest inducible regulation of the enzy- 
matic activity of GPI-PLD via a PLCy-PKC pathway, although 
there are no reports of such inducible activation of this enzyme. 
To prove the inducible activation of this enzyme, analysis based 
on enzyme assay(s) should be performed in the future. Because 
GPI-PLD is a secreted enzyme as described previously (33) and 
as we demonstrated here, the translocation of CR-1 protein 
could be another possible mechanism of inducible shedding of 
CR-1 by GPI-PLD. 

The importance of ectodomain shedding of cell-associated 
pro-ligands has previously been described (41). In this context, 
the EGF family of growth factors are initially synthesized as 
membrane-bound precursors and processed by a disintegrin 
and metalloproteinase domain (ADAM) proteases to function 
as mature Iigands (42, 43). Inhibition of shedding of EGF-re- 
lated growth factors may be effective as a therapeutic target of 
cancer (44). Initially, CR-1 was discovered as an EGF-related 
peptide and has since been shown to induce signaling through a 
Nodal-independent signaling pathway that is similar to path- 
ways that are activated by EGF family Iigands through the EGFR 
(1, 3). Even though the one or more precise mechanisms of this 
Nodal-independent signaling pathway, including its receptor(s) 
or functional domain(s), remain to be investigated, it is likely 
that the shedding of CR-1 might have similar importance with 
that of other EGF family Iigands. This study strongly suggests 
the possibility that the angiogenic and oncogenic effects of 
CR-1 might be enhanced by its shedding and that shedding of 
CR-1 could be a potential target for cancer therapy. 



b ' a id,,i, We arc grateful to Rrcnda W Jams for providing 
technical support, lo Susan Garfield awl Stephen Wincovitch for help 
in confocal imaging, and to the National Institutes of Health Fellows 
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Cripto-1 

matrix: 
.5% identity ; 



188 aa 

gap penalties: -12/-2 

Global alignment score: -355 



10 20 30 40 50 60 

MAPPVRLERPFPSRRFPGLLLAALVLLLSSFSDQCNVPEWLPFARPTNLTDDFEFPIGTY 

M DCRK MARFSYSVI WI MAI SKVFELGLVAG 

10 20 30 

70 80 90 100 110 

LNYE--CRPGYSGRPFSI ICLKNSVWTSAKDKCK-RKSCRKPPDPVh'GMAHVIKDIQFGS 

LGHQEFARPSRGYLAFR DDSIWPQEEPAIRPRSSQRVPP MGIQHSK 

40 50 60 70 

120 130 140 150 160 170 

QIKYSCPKGYRL1GSSSATC 1 1 SGNTVIWDNKTPVCDRI ICGLPPT I ANGDFTSISREYF 

ELNRTC CLNGGT 

80 

180 190 200 210 220 230 

HYGSVVTYHCNLGSRGK.KVFELVGEPSI YCTSKDDQVGIWSGPAPQCI IPNKCTPPNVEN 

CMLGS FCA 



240 250 260 270 280 290 

GILVSDNRSLFSLNEVVEFRCQPGFGMKGPSHVKCQALNKWEPELPSCSRVCQPPPDVLH 

CPPSFY GRNCE H 

100 



300 310 320 330 340 350 

AERTQRDKDNFSPGQEVFYSCEPGYDLRGSTYLHCTPQGDWSPAAPRCEVKSCDDFLGQL 

DVR KEN C GSV PHDTWLPK — KCSLCKC — WHGQL 

110 120 130 

360 370 380 390 400 410 

PNGHVLFPLNEQLG.A KVDFVCDEGFQLKGSSAS YCVLAGMESLWNSSVPVCERKSCETPP 

RC FPQAFLPG CD-GLVMD EHLVASRTP ELPP 

140 150 160 

420 430 440 450 460 470 

•t •■?:?■ f-hvit: tfft :f ihyscttgkrlighssaecilsgntahwsmkppicqrel 
sar tttfmlvgi cl si qsyy 

170 180 



Attachment B 



1 " L , '-q.e-ce 1321 from Patent US 20060194265 
MAPPVBLERPFPSRRFPGLLLAALVLLLSSFSDQCNVPEWLPFARPTNLTDDFEFPIGTYLNYECRPGYSGRPFSII 
T5AKDKCKRKSCRNPPDPVNGMAHVIKDIQFGSQIKYSCPKGYRLIGSSSATCIISGNTVIWDNKTPVCD 
RUCGLPPTIANGDFTSISREYFHYGSWTYHCNLGSRGKKVFELVGEPSIYCTSKDDQVGIWSGPAPQCIIPNKCT 
PPNVENG 1 * dnp f: t NEWEFRCQPGFGMKGPSHVKCQALNKWEPELPSCSRVCQPPPDVLHAERTQRDKDNF 
SPGQEVFYSCEPGYDLRGSTYLHCTPQGDWSPAAPRCEVKSCDDFLGQLPNGHVLFPLNLQLGAKVDFVCDEGFQLK 
GSSASYCVLAGMF.SLWNSSVPVCERKSCETPPVPVNGMVHVITDIHVGSRINYSCTTGHRLIGHSSAECILSGNTAH 
WSMK PP"! CQKE : . 



>sp | P13365 : TDGF1 JIUMAN/CRIPTOl 

MDCRKMARFSYSVIWIMAISKVFELGLVAGLGHQEFARPSRGYLAFRDDSIWPQEEPAIR 
PRSSQR7PPM , D! ? "h-~ l.NGGT MT SFCACPPSFYGRNCEHDVRKENCGSVPH 
DTWLPKKCSLCKCWHGQLRCFPQAFLPGCDGLVMDEHLVASRTPELPPSARTTTFMLVGI 
CLSIQSYY 



>_ SEQ ID NO . 1 3 2 1 474 a a vs. 

>_ Cripto-1 188 aa 

scoring matrix: , gap penalties: -12/-2 

14.5% identity; Global alignment score: -3 55 

10 20 30 40 50 60 

I-4APPVRLERPFPSRRFPGLLLAALVLLLSSFSDQCNVPEWLPFARPTNLTDDFEPPIGTY 

M DCRK MARFSYSVI- - -WI MAISKVFELGLVAG 



70 80 90 100 110 

LNYE--CRPGYSGRPFSIICLKNSVWTSAKDKCK-RKSCRNPPDPVNGMAHVIKDIQFGS 

LGHQE FAR PS RGYLAFR DDSIWPQEEPAIRPRSSQRVPP MGIQHSK 



120 130 140 150 160 170 

QIKYSCPKGYRLIGSSSATCIISGNTVIWDNKTPVCDRIICGLPPTIANGDFTSISREYF 



180 190 200 210 220 230 

HYGSWTYHCNLGSRGKKVFELVGEPSIYCTSKDDQVGIWSGPAPQCIIPNKCTPPNVEN 



240 250 260 270 280 290 

GILVSDNRSLFSLNEWEFRCQPGFGMKGPSHVKCQALNKWEPELPSCSRVCQPPPDVLH 

CPPSFY GRNCE H 

100 

300 310 320 330 340 350 

AERTQRDKDNFSPGQEVFYSCEPGYDLRGSTYLHCTPQGDWSPAAPRCEVKSCDDFLGQL 

DVR KEN C GS V PHDTWLPK - - KCSLCKC- - WHGQL 

110 120 130 

360 370 380 390 400 410 

PNGHVLFPLNLQLGAKVDFVCDEGFQLKGSSASYCVLAGMESLWNSSVPVCERKSCETPP 

RC FPQAFLPG CD - GLVMD EHLVASRTP ELPP 

140 150 160 

420 430 440 450 460 470 

VPWGMVHVITDIHVGSRINYSCTTGHRLIGHSSAECILSGNTAHWSMKPPICQREL 



--SAR TTTFMLVGI CL SI-- 

170 180 



Attachment C 



2 que nee 1321 from Patent US 20060194265 
MAPPWLERPPPSRRFPGLLLAALVLLLSSFSDQCNVPEWLPFARPTNLTDDFEFPIGTYLNYECRPGYSGRPFSII 
CLKNSVWTSAKDKCKRKSCRNPPDPWGMAHVIKDIQFGSQIKYSCPKGYRLIGSSSATCIISGNTVIWDNKTPVCD 
RIICGLPt ' ' - "YFHYGSWTYHCNLiGSRGKKVFELVGEPSIYCTSKDDQVGIWSGPAPQCIIPNKCT 

PPNVENGILVSDNR,' Lr^llir* " " "QPGFGMKGPSHVKCQALNKWEPELPSCSPVCQPPi 11 t i r ^ T Zl Di V 
SPGQEVF'-, .CCt - I . t 1 .GDW5PAAPRCEVKSCDDFLGQLPNGHVLFPLNLQLGAKVDFVCDEGFQLK 

GSSASYO I A ' T * PVCERKSCETPPVPVNGMVHVITDIHVGSRINYSCTTGHRLIGHSSAECILSGNTAH 

WSMKPPICQREL 



>sp|P13385 | TDGF1 HUMAN/ CRIPTOl 

MDCRKMARFSYSVIWIMAISKVFELGLVAGLGHQEFARPSRGYLAFRDDSIWPQEEPAIR 
PRSSQRVPPMGIQHSKELNRTCCLNGGTCMLGSFCACPPSFYGRNCEHDVRKENCGSVPH 
DTWLPKKCSLCKCWHGQLRCFPQAFLPGCDGLVMDEHLVASRTPELPPSARTTTFMLVGI 
CLSIQSYY 



SEQ ID NO. 1320 1538 nt vs. 

>_ cripto-1 2033 nt 

scoring matrix: , gap penalties: -12/-2 
43.5% identity; Global alignment score : -51.9 

10 20 30 40 50 

GTGAGTTTG- - -GGGATTGTTGTGTCCACTAACCGGACTCAGAAGGGACTTCCCTGCTCG 

G-GAGAATCCCCGGAAAGGCTGAGTCTCCAGCTCAAGGTCAAAACG TCCAAGGCCG 

10 20 30 40 50 

60 70 80 90 100 110 

GCTGGCTTTCGGTTTCTCTGCTCACCTCCGGATAAATCACGGGGTCTCCCGCGCCGCTCA 

AAAGCCCTCCAGTTTCCC - - CTGGACGCC - - - TTGCTC - CTGCTTCTGCTACGACCTTCT 

60 70 80 90 100 

120 130 140 150 160 

TGG CGC CTCCCGTCCGTCTCGAGCGTCCCTTTCCT- TCCCGGCGCT 

GGGGAAAACGAATTTCTCATTTTCTTCTTAAATTGCCATTTTCGCTTTAGGAGATGAATG 
110 120 130 140 150 160 

170 180 190 200 210 

- - TTCCTGGGTTGCTTCTGGC - - -GGCCCTG GTGTTGCTGCTGTCCTCCTTCT 

TTTTCCTTTGGCTGTTTTGGCAATGACTCTGAATTAAAGCGATGCTAACG - CCTCTTTTC 
170 180 190 200 210 220 

220 230 240 
CC GATCAATGCAATG TCCCGGAA- - TGGC TTCC AT 

CCCCTAATTGTTAAAAGCTATGGACTGCAGGAAGATGGCCCGCTTCTCTTACAGTGTGAT 
230 240 250 260 270 280 

250 260 

TTG- - - CCAGGCC - - TACCAACCT AACTG A 

TTGGATCATGGCCATTTCTAAAGTCTTTGAACTGGGATTAGTTGCCGGGCTGGGCCATCA 
290 300 310 320 330 340 

270 280 290 300 310 
TGACTTTGAGTTTCCCATTGGGACATATCTGAACT ATGAATGCCG CCCT 

GGAATTTGCTCGTCCATCTCGGGGATACCTGGCCTTCAGAGATGACAGCATTTGGCCCCA 
350 360 370 380 390 400 

320 330 340 350 360 
GGTTATTCCGGAA GACC- - - GTTTTCT - ATCATCTGCCT AAAAAACT 

GGAGGAGCCTGCAATTCGGCCTCGGTCTTCCCAGCGTGTGCCGCCCATGGGGATACAGCA 
410 420 430 440 450 460 

370 380 390 400 410 



CAGTCTGGAC- 



-AAGTGCTAAGGACAAGTGCAAACGTAAATCATGTCGTAAT- 



CAGTAAGGAGCTAAACAGAACCTGCTGCCTGAATGGGGGAACCTGCATGCTGGGGTCCTT 
470 480 490 500 510 520 

420 430 440 450 
CCTCCAGA - TCCTGTGAATGGCA- TG GCAC - ATGTGATCAAAGACAT 

TTGTGCCTGCCCTCCCTCCTTCTACGGACGGAACTGTGAGCACGATGTGCGCAAAGAGAA 
530 540 550 560 570 580 

460 470 480 490 500 

CCA- - GTTCGGATCCCAAATTAAATATTCTTGTCCTA- AAGGATACC - - GACTCATTGGT 

CTGTGGGTCTGTGCCCCA-TGACACCTGGCTGCCCAAGAAGTGTTCCCTGTGTAAATGCT 
590 600 610 620 630 640 

510 520 530 540 550 

TCCTCG-TCTGCCACATGCATCATCTCAGGCA ACAC - - - TGTCAT TTGGGA 

GGCACGGTCAGCTCCGCTGCTTTCCTCAGGCATTTCTACCCGGCTGTGATGGCCTTGTGA 
650 660 670 680 690 700 

560 570 580 590 600 610 

TAATAAAAC ACCTGTTTG - TGACAGAATTATTTGTGGGCTACCCCCCACCATCGCCAATG 

TGGATGAGCACCTCGTGGCTTCCAGGACTC C AG AACT AC C AC CG T CTGCACGTACTA 

710 720 730 740 750 760 

620 630 640 650 660 

GAGATTTCA- - CTAG CATCAGCAG AGAGTATTTTCACTATGGATCAGTGGTG 

CCACTTTTATGCTAGTTGGCATCTGCCTTTCTATACAAAGCT-ACTATTAATCGACATTG 
770 780 790 800 810 820 

670 680 690 700 710 

ACCTA CCAC TGC AATCTTGGA - AGC AGAGGGAAAAAGGTGTTTGAGC - - TTGTG 

ACCTATTTCCAGAAATACAATTTTAGATATCA TGCAAAT- - TTCATGACCAGTAAAG 

830 840 850 860 870 

720 730 740 750 760 
GGTGAGCCCTCCATATACTGCACCAGCAAAGATGATCA AGTGGGCAT 

GCTGCTGCTACAATGTCCT- - AACTG- AAAGATGATCATTTGTAGTTGCCTTAAAATAAT 
880 890 900 910 920 930 

770 780 790 800 
CTGGAGTGGCC CAGCCCCTCAGTGCATTATACCTAACAAAT- - - 

GAATACAATTTCCAAAATGGTCTCTAACATTTCCTTACAGAACTACTTCTTACTTCTTTG 
940 950 960 970 980 990 

810 820 830 
GCACGCCTCCAAA TGTGGAAAATGGAA TAT TG 



CCCTGCCCTCTCCCAAAAAACTACTTCTTTTTTCAAAAGAAAGTCAGCCATATCTCCATT 



840 850 860 870 880 890 

GTATCTGACAACAGAAGCT - TATTTTCCTTAAATGAAGTTGTGGAGTTTAGGT - -GTCAG 



900 910 920 930 940 950 

CCTGGCTTTGGCATGAAAGGGCCCTCCCATG-TGAAGTGCCAGGCCCTGAACAAATGGG- 

CCAGGC- -TGGACTGCAATGACGCGATCTTGGTTCACTGCAA CCTCCGCATCCGGGG 

1120 1130 1140 1150 1160 1170 

960 970 980 990 
AGCCAGAGT - - TACC - AAGCTGCTCCAG GGTATGTCAGCCACCT- - CCAGA 

TTCAAGCCATTCTCCTGCCTAAGCCTCCCAAGTAACTGGGATTACAGGCATGTGTCACCA 
1180 1190 1200 1210 1220 1230 

1Q00 1010 1020 1030 1040 1050 
TGTCCTGC - ATGCTGAGCGTACCCAAAGGGACAAGGACAACTTTTCACCC GGGCAG 



TGCCCAGCTAATTTTTTTGTATTTTAGTAGAGATGGG GGTTTCACCATATTGGCCAG 

1240 1250 1260 1270 1280 

1060 1070 1080 1090 
GAAGT GTTCTACAGCTGTGAGCCCGGCTACGACCTCAGAGGAT 



TCTGGTCTCGAACTCTGACCTTGTGATCCATCGATCAGCCTCTCGA-GTGCTGAGATTAC 
1290 1300 1310 1320 1330 1340 

1100 1110 1120 1130 1140 
CTACGT- ATTTGCACTGCACACCCCAGGGAGACTGGAGCCCTGCAGCCC- - CCAG 



ACACGTGAGCAACTGTGCAAGGCCTGGTGTTTCTTGATACATGTAATTCTACCAAGGTCT 
1350 1360 1370 1380 1390 1400 

1150 1160 1170 1180 1190 
ATGTG AAGTGA- - - AATCCTGTGATGAC - TTCCTGG - GCCAACTTCCT 



TCTTAATATGTTCTTTTAAATGATTGAATTATATGTTC AGATTATTGGAGACTAATTC - T 
1410 1420 1430 1440 1450 1460 

1200 1210 1220 
AATG - - GCCATGTG CTATTTC CACTTAA TCTC 

AATGTGGACCTTAGAATACAGTTTTGAGTAGAGTTGATCAAAATCAATTAAAATAGTCTC 
1470 1480 1490 1500 1510 1520 

1230 

CAGCTT GGAGCAA AAGTG 



TTTAAAAGGAAAGAAAACATCTTTAAGGGGAGGAACCAGAGTGCTGAAGGAATGGAAGTC 
1530 1540 1550 1560 1570 1580 



GATTTT-GTTTGTG ATGAAGGATTT- - CAATTAAAAGGCAGCTCTG 

CATCTGCGTGTGTGCAGGGAGACTGGGTAGGAAAGAGGAAGCAAATAGAAGAGAGAGGTT 
1590 1600 1610 1620 1630 1640 

1290 1300 1310 
CTA GTTACT GTGTTTTGGC - - TGGAATGGAA AG 

GAAAAACAAAATGGGTTACTTGATTGGTGATTAGGTGGTGGTAGAGAAGCAAGTAAAAAG 
1650 1660 1670 1680 1690 1700 

1320 1330 1340 1350 1360 

CCTT- - TGGAATAGCAGTGTTCCAGTGTGT GAACG - TAAATCATGTGA- AACTCCTC 

GCTAAATGGAAGGGCAAGTTTCCATCATCTATAGAAAGCTATATAAGACAAGAACTCCCC 
1710 1720 1730 1740 1750 1760 

1370 1380 1390 1400 
CAGTT CCAGTG AATGGCATGGTGCATG - TGAT C AC AGAC AT 

TTTTTTTCCCAAAGGCATTATAAAAAGAATGAAGCCTCCTTAGAAAAAAAATTATACCTC 
1770 1780 1790 1800 1810 1820 

1410 1420 1430 
CCA TGTTGGAT CC AG - - - AATC AACTATTCT - 

AATGTCCCCAACAAGATTGCTTAATAAATTGTGTTTCCTCCAAGCTATTCAATTCTTTTA 
1830 1840 1850 1860 1870 1880 

1440 1450 1460 1470 

--TGTACTACAGGGCACCG ACTCATTGGTCACTCATCTGCTGAATGTA 

ACTGTTGTAGAAGACAAAATGTTCACAATATATTTAGTTGTAAACCAAGTGATCAAACTA 
1890 1900 1910 1920 1930 1940 

1480 1490 1500 1510 
- -TCCTCTCGGGC AATAC - - TGCCCATTGGAGCATGAA G 

CATATTGTAAAGCCCATTTTTAAAATACATTGTATATATGTGTATGCACAGTAAAAATGG 
1950 1960 1970 1980 1990 2000 

1520 1530 
CCACCAATTTGTC AACGTGAGTTG 



AAACTATATTGACCTAAAAAAAAAAAAA 
2010 2020 2030 
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sapiens 

gggagtgtggggagagggg: ggggaggagaaaggvg: gagg.^ ; gag < .-. :,' ! A"3::'Aaj;:a . -.. j : agag >a:tc 
^ a_" c-cgcctcccgtccgtctcgag "i_ggcg 

ctttcggggggtgggtggaggcgggg ggggggtggcggggggggggggg ggg ggag aaag raaggggggggaa'ggggg'f c 

" - rACGAACCTAACTGATGACTTTGAGTTT' ' . ACTATGAATGCCGCCG ' . 

rATTCCGG; fTAAAAAACTCAGTCTGGAGA - ~~ ACGTAAATC 

t , _ , _ GAAAAGAAAAlAAAGArr 

"J" TCCTCGTCTGCCACATGCATCATCTCAGGCAACACT'T . 

-CCATCGCCAATGGAGATTTCACTAGCATCAGCAGAGA 
I r " ' _,r TTGGAAGCAGAGGGAAAAAGCTCTTTGAGCTTGTGGGTG 

AGCCCA ''I - - ~ -CAGCCCCTCAGTGCATTATACCTAAC 

AAA.TGCACGCCTCCAAATGTGGAAAATGGAATATTGGTATCTGACAACAGAAGCTTATTTTCCTTA? 
GTTTAGGTC < ""CCATGAAAGGGCCCTGGG/'- GTGG * GTGCCAGGCCCTGAACAAATGGGAGCCAGAGT 

TACCAAGCTCCTCCAGGG m ATC"~' A " ' G ' " GACAACTTT 

TCACCCGGGCAGGAAGTGTTCTACAGCTGTGAGCCCGGCTACGACCTCAGAGGATCTACGTATTTGCACTGCACACCCCA 
GGGAGACTGGAGCCCTGCAGCCCCCAGATGTGAAGTGAAATCCTG1GATGACTTCCTGGGCCAACTTCCTAATGGCCATG 
TGCTATTTCCACTTAATCTCCAGCTTGGAGCAAAAGTGGATTTTGTTTGTGA ' "V ./ ' 

^ AGTTACr <~ L i i t 7 GTGAACGTAAATCATGTGAAAC 

i i G. G 1 j r ACAGACATCCATCGTTGGATCCAGAATCAACTATTCTTGTACTA 

i G'TCATCTGCTGAATGTATCCTCTCGGGCAATACTGCCCATTGGAGCATGAAGCCACCA 
GAACGTGAGTTG 



Cripto-1 



ggagaatccc cggaaaggct gagtctccag ctcaaggtca aaacgtccaa ggccgaaagc 6 0 

cctccagttt cccctggacg ccttgctcct gcttctgcta cgaccttctg gggaaaacga 120 

atttctcatt ttcttcttaa attgccattt tcgctttagg agatgaatgt tt.tcctttgg 180 

ctgttttggc aatgactctg aattaaagcg atgctaacgc ctcttttccc cctaattgtt 240 

aaaagctatg gactgcagga agatggcccg cttctcttac agtgtgattt ggatcatggc 300 

catttctaaa gtctttgaac tgggattagt tgccgggctg ggccatcagg aatttgctcg 360 

tccatctcgg ggatacctgg ccttcagaga tgacagcatt tggecccagg aggagcctgc 4 20 

aattcggcct cggtcttccc agcgtgtgcc gcccatgggg atacagcaca gtaaggagct 480 

aaacagaacc tgctgcctga atgggggaac ctgcatgctg gggtcctttt gtgcctgccc 540 

tccctccttc tacggacgga actgtgagca cgatgtgcgc aaagagaact gtgggtctgt 600 

gccccatgac acctggctgc i i ftg t ccctgtgc aaatgctggc acggtcagct 660 

ccgctgcttt cctcaggcat ttctacccgg ctgtgatggc cttgtgatgg atgagcacct 720 

cgtggcttcc aggactccag aactaccacc gtctgcacgt actaccactt ttatgctagt 780 

tggcatctgc ctttctatac aaagctacta ttaatcgaca ttgacctatt tccagaaata 840 

caactttaga tatcatgcaa atttcatgac cagtaaaggc tgctgctaca atgtcctaac 900 

tgaaagatga tcatttgtag ttgccttaaa ataatgaata caatttccaa aatggtctct 960 

aacatttcct tacagaacta cctcttactt ctttgccctg ccctctccca aaaaactact 1020 

tcttttttca aaagaaagtc agccatacct ccattgtgcc taagtccagt gtttcttttt 1080 

tttttttttt ttgagacgga gtctcactct gtcacccagg ctggactgca atgacgcgat 1140 

cttggttcac tgcaacctcc gcatccgggg ttcaagccat tctcctgcct aagcctccca 1200 

agtaactggg attacaggca tgtgtcacca tgcccagcta atttttttgt attttagtag 1260 

agatgggggt ttcaccatat tggccagtct ggtctcgaac tctgaccttg tgatccatcg 1320 

atcagcctct cgagtgctga gattacacac gtgagcaact gtgcaaggcc tggtgtttct 1380 

tgatacatgt aattctacca aggtcttctt aatatgttct tttaaatgat tgaattatat 1440 

gttcagatta ttggagacta attctaatgt ggaccttaga atacagtttt gagtagagtt 1500 

gatcaaaatc aattaaaata gtctctttaa aaggaaagaa aacatcttta aggggaggaa 1560 

ccagagtgct gaaggaatgg aagtccatct gcgtgtgtgc agggagactg ggtaggaaag 1620 

aggaagcaaa tagaagagag aggttgaaaa acaaaatggg ttacttgatt ggtgattagg 1680 

tggtggtaga gaagcaagta aaaaggctaa atggaagggc aagtttccat catctataga 1740 

aagctatata agacaagaac tccccttttt ttcccaaagg cattataaaa agaatgaagc 1800 

ctccttagaa aaaaaattat acctcaatgt ccccaacaag attgcttaat aaattgtgtt 1860 

tcctccaagc tattcaattc ttttaactgt tgtagaagac aaaatgttca caatatattt 1920 

agttgtaaac caagtgatca aactacatat tgtaaagccc atttttaaaa tacattgtat 1980 

atatgtgtat gcacagtaaa aatggaaact atattgacct aaaaaaaaaa aaa 2033 



